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Purpose: Radiochromic films, such as the poly-diacetylene-based EBT3 GafChromicTM films (Ashland Specialty
Ingredients, Wayne, NY, USA), are widely used for dosimetry applications because of their clear energy
independence, high spatial resolution, near tissue equivalence and easy handling. The films undergo a slight
color change by radiation-induced polymerization of diacetylene monomers. But more importantly, the film
becomes optically less transparent with increasing radiation dose, with a saturation starting between 10 and 20
Gy, i.e. a common SBRT dose level. In contrast to the chromatic properties, less attention has been given to the
underlying molecular mechanism that induces this partial color change and strongly reduces the
transparency. Therefore, the current work investigates the variation of the molecular composition of the active
layer of EBT3 films for an SBRT dose range. 
Method: Uncoated EBT3 films were irradiated with a 6 MV photon beam using dose levels between 0 and 20
Gy. The relative variation of the polymer content as a function of the applied radiation dose was studied using
micro-Raman spectroscopy. Raman spectroscopy with a 633 nm probe laser incident on the active layer
allowed to identify the film constituents and to estimate the amount of poly-diacetylenes from the intensities of
the unique molecular vibrations of the molecule. 
Results: The normalized intensity of all polymeric vibrations, and most notably the polymeric triple and double
carbon-carbon bonds at 2058 cm⁻¹ and 1446 cm⁻¹ respectively, increase with increasing dose up to a
saturation level starting at about 10 Gy, indicating a corresponding increase and saturation of the amount of
polymers. This molecular saturation process is the main cause of the non-linear dose response (i.e. a
transparency reduction) and of the limited dose range of the studied films.
Conclusion: Raman spectroscopy provides new and more fundamental insights in the mechanism of the dose-
dependence of EBT3 films.
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